Abstract
the blocking for nonspecific staining were performed using the same procedures described above.
166
Satellite cells were immunostained with a monoclonal antibody against Pax7, a marker molecule were homogenized with 10 volumes of buffer containing 10 mM Tris/HCl (pH 7.6), 10 mM NaCl, 187 0.1 mM EDTA, and 15 mM mercaptoethanol, and then centrifuged at 12,000 g for 20 min. The 188 supernatants were boiled in sample buffer (26) for 2 min, adjusted to a final protein concentration 189 at 1 µg/µl according to the method of Bradford (4), and then subjected to sodium-dodecyl 190 sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting. effects and interactions were determined using two-way ANOVA (groups and time points).
221
When there was a significant main effect or interaction, the Fisher post-hoc test was used to 222 determine group differences. Statistical significance was established at p < 0.05.
224

Results
225
Body and soleus muscle weights.
One week after bupivacaine injection, there were no 226 differences in mean body weight between the four groups, whereas the mean absolute and 227 relative soleus weights were smaller in the BPVC and BPVC+Heat than the Con and Heat groups 228 (Table 1) . Two weeks after bupivacaine injection, the mean body weight was significantly 229 lower (8~11%) in the BPVC+Heat than the Con or BPVC group, and the mean absolute soleus 230 weight was smaller in the in the BPVC (17%) and BPVC+Heat (10%) than in the Con group.
231
The mean relative soleus weight in the BPVC group was smaller than in the Con (21%) and Heat
232
(12%) groups. In contrast, the mean relative soleus weight in the BPVC+Heat group was not different from the Con or Heat group, and larger (19%) than the BPVC group.
235
Fiber type composition and size. The soleus in the Con rats was composed of slow (87 236 ± 3% at week 1 and 84 ± 2% at week 2), fast (9 ± 2% at week 1 and 15 ± 2% at week 2), and 237 slow+fast hybrid (4 ± 2% at week 1 and 1 ± 0.3% at week 2) fibers ( Fig. 1A and B) . The fiber 238 type composition in the Heat group was not different from Con at both time points, whereas only 239 fast (25~30%) and slow+fast hybrid (70~75%) fibers were observed at week 1 ( in both bupivacaine-treated groups were less than 50% of the Con or Heat groups (Fig. 1C ).
248
Two weeks after bupivacaine injection, the cross-sectional area of the slow+fast hybrid fibers in 249 both bupivacaine-treated groups was smaller (~30-40%) than in Con or Heat groups, whereas the 250 mean fiber size was significantly larger (22%) in the BPVC+Heat than BPVC group (Fig. 1D) . groups at either time point (Fig. 2B) . In contrast, the mean myonuclear number per fiber cross 2-week compared to the 1-week time point.
282
There was no difference in the CaN protein levels in the Con and Heat groups at both 283 time points (Fig. 6C and D) . One week after bupivacaine injection, the amount of CaN protein 284 in the BPVC and BPVC+Heat groups was ~65 and 70% lower, respectively, than in the Con and
285
Heat groups (Fig. 6C) . Two weeks after bupivacaine injection, the CaN levels were ~ 40% 286 lower in the BPVC than in the Con and Heat groups, whereas these levels in the BPVC+Heat 287 group were not different from the Con or Heat group, and 85% higher than in the BPVC group 288 (Fig. 6D ). In addition, the CaN levels in the BPVC and BPVC+Heat groups were higher at the The effects of heat stress on the regeneration process of damaged muscle fibers were 293 determined using morphological, immunohistochemical, and biochemical analyses. Our period of immobilization when heat stress was applied. A complicating factor in our results was 307 the decrease in mean body weight of the rats in the BPVC+Heat group at week 2 (Table 1) .
308
Therefore, we analyzed the cross-sectional area of regenerating fibers in the bupivacaine-injected 309 groups to confirm the beneficial effects of heat stress on muscle fiber size. The mean 310 cross-sectional area of regenerating fibers in the BPVC+Heat group was 22% larger than that in 311 BPVC group at 2-week time point (Fig. 1D) . Although no measure of muscle protein synthesis 312 was included in the present study, the results suggest that heat stress accelerated the growth of 313 regenerating fibers by possibly modulating the rate of protein synthesis.
315
Heat stress-induced enhancement of Hsp72 and CaN in regenerating soleus muscles.
316
A significant observation in the present study was the increase in both Hsp72 (Fig. 6B ) and CaN
317
( Fig. 6D ) content in the soleus of heat stressed rats at week 2 after bupivacaine injection. We were lower than the Con at week 1 after bupivacaine injection ( Fig. 6A and C In the present study, myonuclear number per fiber cross section was 368 decreased after bupivacaine injection, but heat stress increased the myonuclear number to a Con 369 level within one week after injection (Fig. 2) . At this time point, the mean cross-sectional area 370 of regenerating soleus fibers was not different in the BPVC and BPVC+Heat groups (Fig. 1C) .
371
At two weeks after bipuvacaine injection, however, mean fiber size was significantly larger in the 372 heat-stressed than non-heat-stressed group (Fig. 1D) . Therefore, these results suggest that heat 373 stress had an initial effect of increasing myonuclear number, which was followed by a recovery 374 of fiber size.
375
The activation and total number of satellite cells are closely associated with changes in BPVC, and BPVC+Heat groups 1 (A) and 2 (B) weeks after bupivacaine treatment.
599
Bars and abbreviations, same as in Fig. 1 . Symbols, same as in Fig. 2 . 
